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USE OF A SODIUM SILICATE GEL GROUT FOR PLUGGING HORIZONTAL 
METHANE-DRAINAGE HOLES 
By David C. Oyler ' 
ABSTRACT 
Methane-drainage h o l e s  must be complete ly  f i l l e d  by g r o u t  be fo r e  min- 
i n g  t o  p reven t  t h e  emiss ion  of l a r g e  q u a n t i t i e s  of ga s  du r ing  mine- 
th rough ,  which would c o n s t i t u t e  an  exp lo s ion  hazard.  I n  November 1980, 
seven  h o r i z o n t a l  h o l e s  a t  t h e  mul t ipurpose  borehole ,  a  small-diameter 
s h a f t  d r i l l e d  as a Bureau of Mines coalbed methane-drainage i n s t a l l a -  
t i o n  on t h e  p rope r ty  of t h e  Federa l  No. 2 Mine, Monongalia County,  
WV, were plugged u s ing  a sodium s i l i c a t e  g e l  g rou t .  This  r e p o r t  de- 
s c r i b e s  t h e  g r o u t  mix and t h e  u se  of t h e  g r o u t  a t  t h e  mul t ipurpose  
borehole ,  and d i s c u s s e s  t h e  r e s u l t s  observed upon mine-through of t h e  
h o l e s  i n  e a r l y  1981. Cost d a t a  f o r  t h e  sodium s i l i c a t e  g rou t  a r e  a l s o  
p resen ted .  
~ e c h a n i c a l  e n g i n e e r ,  p i  t t s b u r g h  Resea rch  C e n t e r ,  Bureau of Mines, p i  t t s b u r g h ,  P A .  
INTRODUCTION 
Since t h e  19601s ,  t h e  Bureau of Mines 
has  been experimenting with t h e  use of 
h o l e s  d r i l l e d  h o r i z o n t a l l y  i n  coalbeds t o  
remove methane gas  ahead of mining. As 
t h e  technology and equipment used have 
become more s o p h i s t i c a t e d ,  t h e  average 
l e n g t h  of t h e  ho l e s  d r i l l e d  and thus  t h e  
average gas  flow per  ho le  (o the r  f a c t o r s ,  
such  a s  t h e  dep th  of t h e  coa l  seam, being 
equa l )  has increased .  
There has  been a  concern a s  t o  t h e  r i s k  
of mining i n t o  a  h o r i z o n t a l  ho le  t h a t  
would bleed l a r g e  q u a n t i t i e s  of methane 
(up t o  8.5 m3/min o r  300 f t J /min )  d i r e c t -  
l y  on to  t h e  c u t t i n g  head of a  mining ma- 
chine.  Since t h i s  would g r e a t l y  i n c r e a s e  
t h e  p r o b a b i l i t y  of an igni t ion--a  t o t a l l y  
unacceptab le  risk--a means of plugging 
t h e  methane-drainage ho l e s  before  mine- 
through had t o  be developed. 
I n  1976, t h e  f i r s t  a t tempt  was made t o  
plug h o r i z o n t a l  methane-drainage ho l e s  
be fo re  they were mined through. These 
ho l e s  were l oca t ed  a t  t h e  bottom of t h e  
Honey Run a i r  s h a f t ,  on t h e  proper ty  of 
t h e  Federa l  No. 2  Mine.2 The Honey Run 
ho le s  were plugged3 us ing  a  grout  made 
from a  mixture  of cement, f l y  ash ,  and a  
f  l u i d i f i e r ,  known a s  1nteraid,4 of a  type  
commonly used by g rou t ing  companies. A l l  
ho l e s  but  one had 381nm (1.5-in) diameter  
po lyvinyl  c h l o r i d e  (PVC) p l a s t i c  pipe in -  
s e r t e d  i n  them; t h e  l onges t  ho le  (648 m 
o r  2,126 f t )  had a  25.4-mm (1-in) metal  
p ipe  i n  i t .  
To a s su re  pumpabili ty and t o  prevent  
premature s e t  up of t h e  g rou t ,  t h e  grout  
2 ~ i e l d s ,  H. H. ,  J. Cervik,  and T. W. 
Goodman. Degas i f ica t ion  and product ion 
of Natura l  Gas From an A i r  Sha f t  i n  t h e  
P i t t sbu rgh  Coalbed. BuMines R I  81 7  3, 
1976, 23 pp. 
3 ~ u l ,  G. N . ,  and J. Cervik. Grouting 
Hor izonta l  Drainage Holes i n  Coalbeds. 
BuMines RI 8375, 1979, 16 pp. 
4 ~ e f e r e n c e  t o  s p e c i f i c  products  does 
n o t  imply endorsement by the Bureau of 
~ i n e s .  
designed was high i n  excess  water ,  con- 
s i s t i n g  of a  sack of cement (42.6 kg or  
94 l b )  and a  sack cf f l y  ash (34 kg o r  
75 l b )  added t o  each 0.057 m3 (15 g a l )  of 
water  used. I n t o  t h i s  mix was added 1.1 
kg (2.5 l b )  of f l u i d i f i e r .  It was as- 
sumed t h a t  s u f f i c i e n t  pumping t i m e s  and 
p re s su re s  would al low t h e  excess  water  t o  
be squeezed i n t o  t h e  f r a c t u r e  system of 
t h e  coalbed and leave  t h e  ho l e s  f u l l  of 
s o l i d s .  However, i n  most of t h e  ho l e s  a  
l a y e r  of water ,  caused by t h e  s epa ra t i on  
of excess  water and s o l i d s  i n  t h e  g rou t ,  
b u i l t  up a t  t h e  t op  of t h e  hole.  I n  t h e  
long  hole  a t  Honey Run, t h e  grout  was not 
pumped a l l  t h e  way around t o  t h e  c o l l a r  
of t h e  ho l e ,  which l e f t  s e c t i o n s  of t h e  
ho l e  unplugged. Also, some plugging of 
t h e  grout  l i n e s  s t i l l  took p lace  d e s p i t e  
t h e  precaut ion  of us ing  a  t h i n ,  f l u i d  
grout .  
Since t h e  Honey Run s h a f t  p r o j e c t ,  ce- 
ment g rou t s  wi th  l e s s  excess  water and 
l a r g e r  percentages of f l u i d i f i e r  have 
been used with b e t t e r  r e s u l t s .  The use 
of l a r g e r  diameter (38-mm or  1.5-in) pipe 
has  reduced t h e  high f r i c t i o n  l o s s e s  t h a t  
may have been a  con t r ibu t ing  f a c t o r  t o  
t h e  poor plugging job done on t h e  648-m 
(2,126-f t )  ho le  a t  Honey Run. Since 
1977, 381nm 1  i n )  PVC pipe has  been 
used f o r  plugging and i n  some cases  t h i s  
p ipe  has  been i n s t a l l e d  immediately a f t e r  
d r i l l i n g .  However, t h e r e  have been some 
doubts  about t h e  e f f e c t i v e n e s s  of cement 
g rou t s .  When t h e  time came t o  begin 
planning t o  plug t h e  seven h o r i z o n t a l  
methane drainage ho l e s  i n  t h e  mult ipur-  
pose borehole ,  a  Bureau of Mines methane- 
dra inage  demonstration i n s t a l l a t i o n  lo-  
ca ted  i n  a  s p e c i a l l y  d r i l l e d  s h a f t  on t h e  
proper ty  of t h e  Eas te rn  Associated Coal 
Corp. Federa l  No. 2  Mine ( f i g .  1) ,5  t h e  
personnel  of t h e  Mine Sa fe ty  and Heal th  
5 ~ i e l d s ,  H. H. ,  S. Krickovic ,  A. Saina- 
t o ,  and M. G.  Zabetakis .  Degas i f i ca t i on  
of Virgin ~ i t t s b u r g h  Coalbed Through a  
Large Borehole. BuMines R I  7800, 1973, 
27 PP* 
plugging methods, e spec ia l ly  the  use of 
sodium s i l i c a t e  grouts .  
Honey Run alr shaft 
Between 1978 and 1980, Bureau personnel 
had experimented with sodium s i l i c a t e -  
water mixtures i n  order  t o  t e s t  t h e i r  
s u i t a b i l i t y  a s  grouts.  Mixes using sodi- 
um bicarbonate, calcium chlor ide ,  and 
formamide a s  s e t t i n g  agents  had been 
t e s t e d ,  without success. None of the  
s e t t i n g  agents  were found t o  give a per- 
manently s o l i d  grout.  
Information obtained from conversat ions 
wi th  individuals  i n  t h e  chemical grouting 
Mull~purpose borehole indus t ry  confirmed the  be l i e f  t h a t  the  
previously mentioned s e t t i n g  agents 
Federa/ No 2 propwfy /me 
-. - - -  - - 
were not su i t ed  t o  producing a permanent 
grout.  Because t h e  Bureau d id  not  have 
Lover~dge M~ne t h e  exper t i se  t o  develop a s u i t a b l e  set- 
I t i n g  agent ,  and s ince  many grouting con- 
FIGURE 1. - Outline of Federal No. 2 Mine, t r a c t o r s  appeared t o  have t h e i r  own pro- 
1980,and jocationsofthe multipurpose borehole prietary agents and grout mixes 
a v a i l a b l e ,  it was decided i n  May 1980 t o  
and Honey Run air shaft. con t rac t  f o r  the  development of a  grout  
Administration (MSHA) District 3 o f f i c e  s u i t a b l e  f o r  plugging hor izon ta l  methane- 
were i n  favor of considering o the r  drainage holes. 
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GROUT DESIGN 
In  September 1980, a  cont rac t  was 
awarded t o  Hayward Baker of Odenton, MD, 
f o r  t h e  development and emplacement, i n  
t h e  hor izon ta l  holes  a t  the  multipurpose 
borehole, of a  sodium s i l i c a t e  grout.  
Hayward Baker had ava i l ab le  a  s e t t i n g  
agent ,  and the  major t a sk  of development 
was then t o  t a i l o r  t h e  grout  f o r  use i n  
hor izon ta l  methane-drainage holes. 
Sodium s i l i c a t e  is a mixture of sodium 
oxide (Na20) and s i l i c o n  dioxide (Si02)  
i n  var ious  proport ions (Na20:xSi02). It 
i s  a s o l i d  with a low s o l u b i l i t y  i n  hot  
o r  cold water,  but i t  can be dissolved i n  
s a t u r a t e d  steam a t  517 t o  689 kPa (75 t o  
100 lb / in2g) .  Although it can be pur- 
chased i n  many Na20-to-Si02 r a t i o s ,  the  
most commonly used r a t i o  i s  Na20:3.22 
Si02.  This s o l i d  ma te r i a l  i s  then com- 
monly dissolved i n  steam t o  g ive  a l i q u i d  
of s p e c i f i c  g rav i ty  1.4 (11.67 l b l g a l )  
and a v i s c o s i t y  of 206 cp.6 This mix- 
t u r e ,  known variously a s  a  40 ~e', grade 
40, o r  type N sodium s i l i c a t e ,  was the  
ma te r i a l  a c t u a l l y  mixed wi th  water i n  
t h e  grout  t e s t s  and i n  the  grouting 
operation. 
6~iamond Shamrock Corp. (Cleveland, 
OH) . Sodium S i l i c a t e  Handbook. 1979, 
55 PP. 
The requirements  f o r  a  g rout  f o r  use  i n  
h o r i z o n t a l  h o l e s  are-- 
1. A low shr inkage  s o  t h a t  no void 
spaces  w i l l  form a s  t h e  grout  s e t s .  
2. A s e t  time long enough t o  a l low 
placement of t h e  g r o u t ,  gene ra l l y  from 1  
t o  8  h r ,  depending upon a l lowable  pumping 
r a t e s  f o r  t h e  g rou t  and ho le  length .  
3. A low v i s c o s i t y  s o  t h a t  t h e  g rou t  
can be pumped long d i s t a n c e s  (150 t o  610 
m o r  500 t o  2,000 f t  a r e  t y p i c a l ) .  
The m a t e r i a l  need not  have a  high com- 
p r e s s i v e  s t r e n g t h ,  but  s i n c e  sodium s i l i -  
c a t e  g e l s  have an i n h e r e n t l y  low s t r e n g t h  
t h i s  was a l s o  of concern. 
There were two l i n e s  of development 
t h a t  could have been pursued. The devel- 
opment e f f o r t  could have been concen- 
t r a t e d  on a  low-solids grout  t h a t  would 
be  squeezed i n t o  t h e  f r a c t u r e  system and 
s e a l  t h e r e ,  bu t  which would sh r ink  i n  t h e  
h o l e ;  o r  a  h igh-so l ids  grout  t h a t  would 
n o t  s h r i n k ,  but  would probably not  e n t e r  
t h e  f r a c t u r e  system a s  e a s i l y .  The dec i -  
s i on  was made t o  concent ra te  upon low 
shr inkage  grout .  
It has been common p r a c t i c e  i n  t h e  
g rou t ing  indus t ry  t o  add cement t o  
t h e  sodium s i l i c a t e  grout  a s  t h e  s o l i d  
m a t e r i a l  t o  reduce shr inkage.  However, 
t h e  cement reduces t h e  s e t  time of t h e  
sodium s i l i c a t e  g rou t  t o  minutes o r  even 
seconds. Since t h i s  c r ea t ed  problems i n  
grout  placement, t h e  use  of cement a s  an 
a d d i t i v e  t o  t h e  grout  was r e j e c t e d .  How- 
e v e r ,  s t r a i g h t  sodium s i l i c a t e  g e l s  had 
too  h igh  a  shr inkage  so  a  compromise be- 
tween a  low-solids and zero-so l ids  grout  
was made and mixes wi th  va r ious  quant i -  
t i e s  of diatomaceous e a r t h  were t e s t e d .  
The diatomaceous e a r t h  ac t ed  a s  a  r e l a -  
t i v e l y  low-cost f i l l e r .  It had l i t t l e  
e f f e c t  upon t h e  v i s c o s i t y  and d e n s i t y  of 
t h e  g rou t  and i t  s l i g h t l y  i nc reased  the  
s t r e n g t h  of t h e  grout .  The a d d i t i o n  of 
diatomaceous e a r t h  a l s o  reduced t h e  s e t  
t ime of t h e  g r o u t ,  but t h i s  e f f e c t  was 
smal l  enough t h a t  i t  was acceptab le .  
F igure  2  shows t h e  e f f e c t  of i n c r e a s i n g  
q u a n t i t i e s  of diatomaceous e a r t h  on t h e  
shr inkage  of a  p a r t i c u l a r  g rou t  mix. The 
t h r e e  samples shown i n  t h e  photograph a r e  
a l l  of t h e  same mix used t o  grout  t h e  
h o r i z o n t a l  ho les .  Only t h e  percentage of 
diatomaceous e a r t h  has been va r i ed  from 
sample t o  sample. Sample 4C has 2  p c t ,  
sample 5C, 6  p c t ,  and sample 6C, 10 pct  
diatomaceous e a r t h  by weight. 
The mix of sample 5C was t h e  mix f i -  
n a l l y  chosen f o r  use i n  t h e  h o r i z o n t a l  
ho les .  The composition of t h i s  g rou t ,  
known a s  Geloc-4, i s  given i n  t a b l e  1. 
The o rgan ic  r e a c t a n t  l i s t e d  i n  t h e  ingre-  
d i e n t s  i s  t h e  s e t t i n g  agent  and i s  a  
p r o p r i e t a r y  ma te r i a l .  The TX-100 i s  a  
s u r f a c t a n t  (de t e rgen t )  t h a t  a l lows an 
e a s i e r  mixing of t h e  water  and t h e  sodium 
s i l i c a t e .  
TABLE 1. - Composition of sodium s i l i c a t e  grout  mix 
used t o  plug h o r i z o n t a l  ho l e s  
NAp Not appl icab le .  
' ~ v e r a ~ e  f o r  t h e  7  ho les .  
2 ~ p e c i f i c  g r a v i t y  1.4; 40 ~ e :  
3 ~ o l u m e  a f t e r  being mixed i n  water.  
Ma te r i a l  
Sodium s i l i c a t e 2 . .  ... 
Water................ 
Diatomaceous ear th . . .  
Organic reac tan t . . . . .  
TX-100 su r f ac t an t . . . .  
Total... . . . . . . . .  
Mix des ign  







Actual  mix1 





















FIGURE 2. - Six-day-old Hayward Baker grout mixes with, from left to right, 2, 6, and 10 pct diato- 
maceous earth. 
The g rou t  des ign  given i n  t a b l e  1  meets 
a l l  of t h e  requirements  mentioned e a r l i -  
e r .  I t s  shr inkage  i s  r e l a t i v e l y  smal l ,  
a  few percent  a t  most,  which al lows i t  
t o  adhere t o  t h e  w a l l  of a  ho l e  even a f -  
t e r  shr ink ing .  It has  a  v i s c o s i t y  only 
s l i g h t l y  h igher  t han  t h a t  of water ,  mak- 
i n g  i t  easy  t o  pump. As mixed i n  t h e  
l a b o r a t o r y  i t s  s e t  time was about 30 min, 
which was marginal  f o r  t h e  l onges t  ho l e  
but s u f f i c i e n t  f o r  t h e  r e s t .  The a c t u a l  
s e t t i n g  time f o r  t h e  g r o u t ,  when mixed a t  
t h e  j o b s i t e ,  was about 1  h r ,  due t o  t h e  
reduced r a t e  of t h e  s e t t i n g  r e a c t i o n  un- 
d e r  t h e  cooler  f i e l d  condi t ions .  The 
compressive s t r e n g t h  of t h e  g rou t  was 
a l s o  q u i t e  h igh  f o r  sodium s i l i c a t e  mix- 
t u r e s ,  a s  can be seen  from f i g u r e  3 
where t h e  grout  e a s i l y  suppor t s  t h e  
weight of a  penc i l  placed i n  i t .  
GROUTING METHOD 
It was i n i t i a l l y  planned t o  pour g rou t  
down one of t h e  1021nm (4-in) diameter  
s teel  l i n e s  o r i g i n a l l y  used t o  p ipe  gas  
from t h e  bottom of t h e  s h a f t  t o  t h e  sur -  
f a c e ,  t o  a  high-pressure hose a t  t h e  bot- 
tom of t h e  s h a f t .  A union would then 
be used t o  connect t h e  hose t o  a  g rou t  
header t h a t  was i n  t u r n  connected t o  me- 
chan ica l  compression packers t h a t  were 
p a r t  of t h e  gas  p ip ing  system. High- 
p re s su re  valves  were t o  be used on each  
s i d e  of t h e  union t o  a l low t h e  flow of 
g rou t  t o  be shu t  o f f  a f t e r  a  ho l e  was 
f i l l e d .  It was necessary t o  p lan  f o r  t h e  
use  of 12.7-mm (0.5-in) diameter g rout  
p ipe  i n  t h e  ho l e s  because t h e  3 2 m  
(1.25-in) I D  p ipe  of t h e  packers  ( f i g .  4 )  
i n  t h e  76-mm (3-in) ho les  would not  a l low 
t h e  passage of t h e  coupl ing of any p ipe  
l a r g e r  than  12.7 mm (0.5 i n ) .  
This  was a  compromise from t h e  19- 
(0.75-in) p ipe  recommended by Hayward 
Baker. It meant t h a t  f r i c t i o n  l o s s e s  i n  
t h e  p ipe  while  pumping grout  a t  t h e  
planned r a t e s  of 3.6 t o  4.5 m3/hr (16-20 
ga l lmin)  would be very high. Had t h e  use  
of a  cement g rou t  been planned, t h e  f r i c -  
t i o n  l o s s e s  would have been too  h igh  t o  
a l low t h e  use  of 12.7-mm (0.5-in) pipe.  
To decrease  t h e  f r i c t i o n  l o s s e s ,  t h e  d i -  
r e c t i o n  of g rout  flow was changed from 
FIGURE 3. - Grout mix 5C with 6 pct diatoma- 
ceous earth, 6 days after mixing. 
PLUGGING 
PREPARATION 
Prepa ra t i ons  f o r  g rou t ing  t h e  horizon- 
t a l  h o l e s  were begun e a r l y  i n  September 
1980. One of t h e  two 102- (4-in) steel 
gas-flow l i n e s  from t h e  bottom of t h e  
s h a f t  t o  t h e  s u r f a c e  was disconnected 
from t h e  r e c e i v e r  tank  underground, and 
from t h e  1 5 2 m  (6-in) g a s l i n e  on t h e  
s u r f a c e ,  t o  a l low BQ w i r e l i n e  d r i l l  rod 
t o  be run  i n s i d e  i t  by personnel  from t h e  
Fede ra l  No. 2  Mine. The d r i l l  ( 4 6 m  o r  
1.812-in ID) rod was used t o  c a r r y  t h e  
g r o u t  i n s t e a d  of t h e  1 0 2 m  (4-in) p ipe ,  
i n  o r d e r  t o  decrease  t h e  amount of g rout  
s t o r e d  i n  t h e  v e r t i c a l  l i n e  a t  any t i m e .  
Had a smal le r  p i p e  been r e a d i l y  a v a i l -  
a b l e ,  i t  would have been used r a t h e r  than 
t h e  BQ pipe.  
through t h e  p l a s t i c  and back through t h e  
annulus  (between t h e  p ipe  and t h e  w a l l  of 
t h e  h o l e ) ,  t o  through t h e  annulus and 
back ou t  through t h e  p l a s t i c  pipe.  With 
t h i s  procedure,  even i f  t h e  p re s su re  be- 
gan t o  r i s e  a s  t h e  grout  en t e r ed  t h e  
p l a s t i c ,  t h e  h o l e  i t s e l f  would a l r eady  be 
plugged. This  method a l s o  had t h e  advan- 
t a g e  of p u t t i n g  t h e  p ipe  c o l l a r s  i n  com- 
p r e s s i o n ,  r a t h e r  t han  t e n s i o n ,  thus  
dec reas ing  t h e  p o s s i b i l i t y  of a  j o i n t  
s e p a r a t i n g  dur ing  t h e  opera t ion .  
The technique had t h e  disadvantage t h a t  
p a r t i c l e s  of c o a l  o r  s h a l e  i n  t h e  ho le  
could plug t h e  small-diameter p ipe  and 
prevent  water ,  g a s ,  and grout  r e t u r n s .  
To he lp  prevent  t h i s ,  i t  was planned t o  
f l u s h  each ho le  c l e a n  wi th  water t h e  
day before  grout ing ,  by pumping water  
i n  t h e  p l a s t i c  p ipe  and ou t  of t h e  
annulus.  
A ske t ch  of t h e  g rou t ing  s e t u p  f i n a l l y  
used i s  shown i n  f i g u r e  5, which a l s o  
shows t h e  compression packer used i n  t h e  
ho les .  F igures  6  and 7  show t h e  under- 
ground g rou t ing  equipment s e t u p  t o  f l u s h  
water  from t h e  number 2  hole.  During 
t h e  a c t u a l  g rou t ing  ope ra t i on ,  t h e  high- 
p re s su re  hose was connected t o  t h e  s i d e  
l i n e  a s  shown i n  f i g u r e  5 ,  and t h e  12.7- 
mm (0.5-in) p l a s t i c  p ipe  i n  t h e  h o l e  was 
t h e  gas  and water  r e t u r n  l i n e .  
OPERATIONS 
During t h e  week of September 29, 1980, 
12.7- (0.5-in) I D  schedule  40 PVC pipe 
was i n s e r t e d  i n t o  t h e  h o r i z o n t a l  ho les .  
Although t h e  ho les  had been d r i l l e d  over  
8  y r  e a r l i e r  (May-July 1972),  t h e  p ipe  
was run  i n t o  ho l e s  1 ,  4,  6 ,  and 8  with 
few d i f f i c u l t i e s  ( f i g .  8). Some t i g h t  
s p o t s  were encountered i n  ho l e  2, caused 
by loose  c o a l  i n  t h e  ho l e  a t  about 180 t o  
198 m (600-650 f t )  from t h e  c o l l a r  of t h e  
ho le .  The p ipe  had t o  be worked through 
t h e  t i g h t  a r e a s  by repea ted ly  p u l l i n g  i t  
o u t  s e v e r a l  meters and then  shoving i t  
back i n  f o r c e f u l l y .  It was l a t e r  discov- 
e r ed  t h a t  t h i s  p ipe  had broken, f i v e  
j o i n t s  (15 m o r  50 f t )  from t h e  f a r  end, 
probably owing t o  t h e  harsh  t reatment  
g iven  i t  whi le  working i t  t o  t h e  back 
of t h e  hole .  Pipe counts  while  running 
,Fillet weld 
5/-mm, 2-in schedule 40 pipe 
I52 cm, 5 f t  long 38-mm, I !$-in or 32 mm, 
38-mm, I V2-in o r 32-mm, lP4-in pipe thread I 
I"""""""""""""""""' """""""""""""""J 11;: r"' "llllllll 
7Gmm, 3-in rubber sleeve \ 
Steel washer (4 required) 
0 D 76 mm, 3 in 
I D  38mm, 1 b2in 
Thickness 6. Jmm, in 
/ 
38-mm, I !+-in or 32-mm, 
I )'-in pipe union 
FIGURE 4. - Bureau-designed compression packer used to seal horizontal holes. 
A High-pressure hose 
B Vert~cal ine pressure gage 
C Grease f~ t t~ng  
D 1 3-cm(b2-in) valve 
E Control valve (high pressure) 
F 5-to 2.5-cm (2-to I-in) reducer 
G Quick d~sconnect flttlngs 
H Hole pressure gage 
1 Hole shut In valve 
J 5-cm(Z-in) tee 
K All threod 13-cm (I/2-in) nipple 
B L Bushing w ~ t h  threads chased 
M 1.3-cm (b2-in) PVC threod to socket adapt 
N Grout return polnt 
0 7.6-crn (3-in) packer 
P Packer rubber 
Q 7.6-cm (3 -~n)  horizontal hole 
PLAN VIEW R 1.3-cm(l/2-1n) PVC plpe - Grout path 
FIGURE 5 .  - Schematic of method used to plug horizontal holes. 
FIGURE 6. - Water flushing of hole 2. 
t h e  p i p e  a l s o  made i t  appear  t h a t  t h e  
p i p e  i n  h o l e  7  had been s e p a r a t e d ,  but  
when t h e  p i p e  was removed from t h e  h o l e  
l a te r  i t  was found t o  be i n t a c t  and 
was r e - i n s e r t e d  wi thou t  d i f f i c u l t y .  The 
g r e a t e s t  problems were encountered i n  
i n s e r t i n g  p i p e  i n  h o l e  5. I n  t h e  i n i t i a l  
a t t e m p t s  p i p e  cou ld  n o t  be pushed p a s t  a  
d e p t h  of 47 m (155 f t ) .  
I n  mid-October 1980, a  crew w i t h  a 
hand-held a i r  d r i l l  worked t o  c l e a n  o u t  
h o l e  5. The o r i g i n a l  r e c o r d s  from 1972 
i n d i c a t e d  t h a t  t h e  h o l e  had been d r i l l e d  
i n t o  r o o f  rock  a t  42 t o  45 m (140-148 f t )  
and had been t e r m i n a t e d  a t  47 m (155 f t ) .  
The h o l e  had t h e n  been s i d e t r a c k e d  a t  21 
t o  34 m (70-110 f t ) .  It appeared t h a t  
t h e  PVC p i p e  had e n t e r e d  t h e  s i d e t r a c k .  
During t h e  c l e a n o u t  o p e r a t i o n ,  t h e  d r i l l  
p i p e  fo l lowed  t h e  main h o l e  and had no 
d i f f i c u l t y  i n  r e a c h i n g  t h e  end of t h e  
h o l e  a t  152 m (500 f t ) .  The PVC p i p e ,  
however, s t i l l  fol lowed t h e  s i d e t r a c k .  
To f i n a l l y  g e t  t h e  PVC p i p e  p a s t  t h e  
s i d e t r a c k ,  i t  was n e c e s s a r y  t o  t h r e a d  i t  
th rough  t h e  d r i l l  p ipe .  A f t e r  t h i s  was 
done,  t h e  PVC r a n  f r e e l y  t o  t h e  end of 
t h e  h o l e .  When h o l e  5 was mined th rough  
( f i g .  8 ,  l o c a t i o n s  L and M) i t  was found 
t h a t  t h e  h o l e  had a c t u a l l y  been s i d e -  
t r a c k e d  twice, b u t  s i n c e  mining advanced 
o n l y  29 m (94  f t )  f rom t h e  c o l l a r  of t h e  
h o l e ,  i t  was n o t  p o s s i b l e  t o  conf i rm 
t h e  l e n g t h s  of t h e  s i d e t r a c k s  o r  d e t e r -  
mine which s i d e t r a c k  t h e  PVC p i p e  had 
e n t e r e d .  I n  1982 a n  area s o u t h  of loca -  
t i o n  L ( f i g .  8 )  was mined b u t  h o l e  5  
could  n o t  be found,  p o s s i b l y  because  i t  
had been d r i l l e d  i n  roof  rock.  
The f i n a l  p r e p a r a t i o n s  f o r  g r o u t i n g  
were made on November 5  and 12. On No- 
vember 5 ,  h o l e  2  was f l u s h e d  o u t  w i t h  wa- 
t e r  by connec t ing  a  s u r f a c e  l i n e  t o  t h e  
BQ rod and u s i n g  a  hose  t o  connect  t h e  BQ 
FIGURE 7. - Second view of hole 2 d u r i n g  f l u s h -  
ing operation. Note 12.7-mrn (0.5-in) PVC pipe 
in background. 
rod t o  t h e  12.71nm (0.5-in) PVC p ipe  un- 
derground ( f i g s .  6 and 7 ) .  Water was 
then  c i r c u l a t e d  i n  t h e  ho le  through t h e  
12.7- (0.5-in) PVC p ipe  and out  t h e  
annulus of t h e  ho le ,  t o  t h e  f l o o r  of t h e  
s h a f t .  
Hole 2 was f lushed  on November 5 be- 
cause of t h e  f i v e  j o i n t s  of p ipe  t h a t  had 
broken f r ee .  [This was determined by in-  
spec t ion  of t h e  ho le  i n  9 Right ( f i g .  8 ,  
l o c a t i o n  A) where t h e  ho le  had been mined 
through inadve r t en t ly  i n  Apr i l  1980. ] 
After  t h e  f i v e  broken j o i n t s  had been r e -  
moved, it  was found t h a t  p ipe  could be 
pu l l ed  out  but no t  pushed i n .  The ho le  
was f lu shed  on November 5 i n  an at tempt  
t o  c l ean  out  broken c o a l ,  which was as- 
sumed t o  be wedging t h e  p ipe  i n  t h e  hole .  
The at tempt  was unsuccessful  and hole  2 
was l a t e r  grouted wi th  t h e  back 15 m (50 
f t )  of ho le  having no p i p e  i n  i t .  
FIGURE 8. - Vicinity of multipurpose borehole 
showing locations of horizontal holes. Letters 
denote locations discussed in text. 
The problem wi th  hole  2 a l s o  a l e r t e d  
Bureau personnel t o  t h e  p o s s i b i l i t y  of 
broken p ipe  i n  t h e  o t h e r  h o l e s ,  and a l l  
o f  t h e  o t h e r  ho le s  were checked by push- 
i n g  t h e  p ipe  a l l  t he  way t o  t h e  back of 
each  ho le ,  j u s t  before each was f lu shed  
w i t h  water.  No broken pipe was found i n  
any o t h e r  hole .  
The r e s t  of t h e  holes  were f lu shed  wi th  
water  on November 12 i n  t h e  same manner 
a s  ho le  2 was f lushed ,  wi th  t h e  except ion  
t h a t  a  1521nm (6-in) vent  tube was placed 
a t  t h e  r e t u r n  l i n e  of each ho le  t o  c a r r y  
gas  coming from t h e  ho le s  t o  t h e  s h a f t  
a i r  exhaust  l i n e .  A l l  of t h e  o t h e r  s i x  
ho le s  were f lushed  unevent fu l ly  and wi th  
l i t t l e  r e t u r n  of s o l i d  m a t e r i a l ,  except  
h o l e  4. 
In  ho le  4, which was producing between 
60 and 80 p c t  of t h e  gas being dra ined  
from t h e  s h a f t  i n  t h e  l a s t  few months, 
l a r g e  q u a n t i t i e s  of coa l  were seen  i n  t h e  
form of dus t  and smal l  lumps. I n  addi- 
t i o n ,  f l a k e s  of c a l c i t e ,  s i m i l a r  t o  t hose  
seen  i n  hole  2 when i t  was a c c i d e n t a l l y  
c u t  i n t o  i n  Apr i l  1980 ( f i g .  9 ) ,  were ob- 
served i n  t h e  r e tu rn ing  water. [ I n  ho le  
2 ,  a t h i n  l a y e r  of c a l c i t e  had been seen 
c o a t i n g  t h e  lower h a l f  of t h e  hole .  The 
l a y e r  was about 1 mm (1116 i n )  t h i c k ,  was 
nea r ly  pure whi te ,  and had a  pebbly ap- 
pearance.]  Hole 4 a l s o  r equ i r ed  a  much 
longer  f l u s h i n g  time than  t h e  o t h e r  ho l e s  
because of t h e  l a r g e  q u a n t i t i e s  of c o a l  
p a r t i c l e s  i n  t h e  hole.  
GROUTING 
The a c t u a l  g rou t ing  ope ra t i on  was begun 
on November 13, 1980. F i r s t  Hayward Bak- 
e r ' s  tank t ruck  ( f i g .  10) was f i l l e d  
w i t h  a  mixture  of water  and diatomaceous 
e a r t h .  This  m a t e r i a l  could no t  be mixed 
more t han  4 t o  6 h r  i n  advance of i t s  
use ,  o r  t h e  diatomaceous e a r t h  would set- 
t l e  ou t  i n  t h e  t ank ,  where i t  could no t  
be remixed. Frozen hoses prevented t h e  
work of mixing from being completed u n t i l  
n e a r l y  noon, s o  on ly  enough m a t e r i a l  was 
mixed t o  g rou t  two holes .  
Hayward Baker used a  continuous mixing 
FIGURE 9. - Hole 2 after mine-through, April system for preparing its grout. This 
10, 1980, showing calcite lining the lower half of meant t h a t  a s  a  g iven  volume of g rou t  en- 
the hole. Location A ( f i g .  8). t e r e d  t h e  t o p  of t h e  BQ pipe ,  i t  had 
FIGURE 10, - Three-compartment tank truck at multipurpose borehole site, 
nea r ly  i t s  e n t i r e  set-up t i m e  t o  be 
pumped be fo re  g e l l i n g .  This is  d i f f e r e n t  
from ba tch  mixing, where a l l  of t h e  grout  
would s e t  a t  t h e  same time and t h e  l a s t  
g rou t  i n  t h e  p ipe  would have only a  few 
minutes l e f t  before  s e t t i n g .  In  e f f e c t ,  
cont inuous mixing al lows longer  pumping 
t imes  f o r  g rou t s  wi th  s h o r t  pumping l i v e s  
be fo re  set up. In  t h e  grout ing  indus t ry  
where cement-sodium s i l i c a t e  mixtures  
w i th  set-up times measured i n  seconds a r e  
used,  continuous mixing is  abso lu t e ly  
necessary.  However, continuous mixing 
a l s o  n e c e s s i t a t e s  t h e  use of s e v e r a l  
pumps and c a r e f u l  meter ing of t h e  
ing red ien t s .  
F igure  11 shows Hayward Baker 's pumps 
and meter ing equipment. Four progress ing  
c a v i t y  type  pumps were used,  two t o  pump 
t h e  water-diatomaceous e a r t h  mixture,  one 
t o  pump sodium s i l i c a t e ,  and a  f o u r t h  t o  
pump t h e  organic  r eac t an t .  The TX-100 
s u r f a c t a n t  was mixed i n t o  t h e  tank  con- 
t a i n i n g  t h e  water ,  and w a s  pumped along 
wi th  t h a t  component. 
As t h e  ing red ien t s  were pumped, they 
were mixed i n  hoses a t  t h e  su r f ace ,  
and were then  pumped through a  s i n g l e  
hose t o  t h e  BQ pipe. The grout  was 
then  poured i n t o  t h e  BQ, r a t h e r  than  
pumped, so t h a t  i f  t h e  r a t e  of flow i n  
t h e  BQ became f a s t e r  than  t h e  pumping 
r a t e  of 3.6 m3/hr (16 gal/min) t h e  suc- 
t i o n  c rea t ed  would no t  p u l l  t h e  ingre-  
d i e n t s  ou t  of t h e  pumps i n  i n c o r r e c t  
proport ions.  
A t  t h e  bottom of t h e  s h a f t  a  high- 
pressure  (4,100 kPa o r  600 ~ b / i n ~ ~ )  va lve  
was used a s  a  con t ro l  va lve  t o  keep a  
cons tan t  he ight  (and t h e r e f o r e  cons tan t  
p re s su re )  column of grout  i n  t h e  v e r t i c a l  
(BQ) pipe. A pressure  of 1,030 kPa (150 
~ b / i n ~ ~ )  was a r b i t r a r i l y  chosen as t h e  
des i r ed  pressure.  Because t h e  gauge used 
t o  monitor t h e  pressure  read 138 kPa (20 
1b/ inzg)  high,  t h e  a c t u a l  p re s su re s  were 
l e s s  than  t h e  planned pressures .  (A l l  
p re s su re  va lues  given i n  t h i s  r e p o r t  have 
been cor rec ted  t o  t h e  pressures  de t e r -  
mined by a deadweight t e s t e r  c a l i b r a t i o n  
FIGURE 11. - G r o u t  pumping  a n d  m e t e r i n g  e q u i p m e n t .  
of t h e  gauge made a f t e r  t h e  p r o j e c t  was 
completed.)  
F i g u r e  12 shows t h e  p r e s s u r e  curves  f o r  
e a c h  of t h e  h o l e s .  Each g raph  shows two 
p r e s s u r e  curves .  The upper curve shows 
t h e  p r e s s u r e  a t  t h e  bottom of t h e  BQ 
p i p e ,  and t h e  lower curve  shows t h e  p res -  
s u r e  i n  t h e  h o l e  and t h e  p r e s s u r e  of t h e  
g r o u t  f lowing  i n  t h e  ho le .  The g r o u t  en- 
t e r e d  t h e  annu lus  of t h e  h o l e  from t h e  
s i d e  of t h e  51mm (2 - in )  t e e  of t h e  g r o u t  
h e a d e r  ( f i g .  5), and t h e n  flowed a l o n g  
t h e  l e n g t h  of t h e  h o l e .  A t  t h e  same t ime 
t h e  g a s  and wate r  i n  t h e  h o l e s  were 
f o r c e d  t o  t h e  back of t h e  h o l e  and then  
o u t  by way of t h e  12.7-mm (0.5-in) PVC 
p ipe .  
S h o r t l y  b e f o r e  t h e  g r o u t  e n t e r e d  t h e  
PVC p ipe  and began f lowing  back,  t h e  h o l e  
u s u a l l y  began t o  f low water  wi thou t  gas.  
The f lowing  p r e s s u r e  a t  t h a t  p o i n t  was 
t y p i c a l l y  70 t o  100 kPa (10-15 1 b / i n z g ) .  
It normally r e q u i r e d  about  15 rnin and an 
e s t i m a t e d  g r o u t  volume j u s t  s l i g h t l y  
h i g h e r  t h a n  t h e  c a l c u l a t e d  h o l e  volume 
( t a b l e  2) t o  o b t a i n  g r o u t  r e t u r n s .  The 
t ime of g r o u t  r e t u r n e d  is  i n d i c a t e d  i n  
f i g u r e  12 by t h e  c i r c l e d  X. 
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' ~ s s u m e s  a  g r o u t  pumping rate of 3.5'0.17 m3/hr (15.75'0.75 g a l l m i n )  and '0.5 min 
accuracy  i n  d e t e r m i n i n g  t h e  t i m e  of g r o u t  r e t u r n .  
2 ~ n c l u d e s  a s i d e t r a c k  assumed t o  be 15 m (50 f t )  long.  
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FIGURE 12. - Pressure curves and grouting records of horizontal holes. Activity times are expressed 
on the basis of a 24-hr clock. 
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A s  t h e  g r o u t  r e t u rned  through t h e  much 
s m a l l e r  12.71nm (0.5-in) PVC p ipe ,  t h e  
h o l e  p r e s s u r e  r a p i d l y  i nc r ea sed ,  primar- 
i l y  because of t h e  p r e s s u r e  drop i n  t h e  
PVC pipe.  Once t h e  g rou t  had r e t u r n e d ,  
t h e  c o n t r o l  va lve  was g r adua l l y  opened 
and t h e  h o l e  and v e r t i c a l  l i n e  p r e s s u r e s  
equa l i z ed .  Grout was a l s o  poured on t h e  
f l o o r  of t h e  borehole  f o r  1  t o  2  min a f -  
t e r  r e t u r n s  were ob t a ined  i n  o rde r  t o  r e -  
move any water-contaminated g rou t  before  
t h e  h o l e  was s h u t  i n .  
Pumping was u s u a l l y  cont inued u n t i l  a  
g rou t  volume of 2.5 t imes  t h e  c a l c u l a t e d  
h o l e  volume had been pumped. A t  t h a t  
t ime ,  mixing of g rou t  a t  t h e  s u r f a c e  was 
d i s con t i nued  and t h e  g rou t  remaining i n  
t h e  BQ p i p e  was allowed t o  flow i n t o  t h e  
h o l e  u n t i l  t h e  ho l e  p r e s su re  dropped t o  
around 345 t o  480 kPa (50-70 l b / i n 2 g ) .  
The h o l e  was t hen  s h u t  i n  and prepara-  
t i o n s  were made t o  move t o  t h e  nex t  ho le .  
Th is  t echn ique  evolved du r ing  t h e  g rou t -  
i n g  o p e r a t i o n ,  and i t  can be s een  t h a t  
t h e  pressure-f low curves  f o r  h o l e s  5 ,  6 ,  
7 ,  and 8  ( f i g .  12) do no t  match t h i s  de- 
s c r i p t i o n  e x a c t l y .  
Hole 6 was t h e  f i r s t  ho l e  grouted.  
While g r o u t i n g  t h i s  h o l e  i t  was found 
t h a t  no d e f i n i t e  endpoint  e x i s t e d  a t  
which a  h o l e  would no longer  accep t  
g r o u t ,  o r  a t  which t h e  pumping p r e s s u r e  
would r a p i d l y  i nc r ea se .  The g rou t i ng  
o p e r a t i o n  was s h u t  down r e l a t i v e l y  e a r l y  
i n  h o l e  6 ,  but  because of t h e  u n c e r t a i n t y  
i n  t h e  cond i t i on  of t h e  g rou t  i n  t h e  
h o l e s ,  l a r g e r  volumes were pumped i n t o  
t h e  o t h e r  ho les .  
Grout was pumped i n t o  h o l e  8  i n  two 
s e p a r a t e  s t a g e s  because t h e  i n i t i a l  d ia -  
tomaceous ear th-water  mix ture  was used up 
and more had t o  be mixed i n  t h e  s u r f a c e  
t anks  be fo r e  more g rou t  could be mixed 
and pumped. It should be noted t h a t  
g rou t  was s t i l l  f lowing i n t o  h o l e  8  under 
r e l a t i v e l y  low p re s su re  (270 t o  760 kPa 
o r  40 t o  110 lb / inZg)  a t  between 60 and 
80 min e lapsed  t ime even though t h e  s e t  
t ime of t h e  g rou t  was about 55 t o  65 min. 
(This  was p a r t i a l l y  because t h e  g rou t  
mixing was done a t  t empera tures  j u s t  
above f r e e z i n g ,  which slowed t h e  s e t t i n g  
r e a c t i o n . )  Much of t h e  p r ev ious ly  set-up 
g rou t  may have been e i t h e r  i n  t h e  f r a c -  
t u r e  system of t h e  coalbed o r  c o a t i n g  t h e  
w a l l s  of t h e  h o l e ,  bu t  no t  b locking t h e  
ho le .  The cont inuous mixing method used 
may have allowed g rou t  t o  be pumped i n  
t h e  ho l e  long a f t e r  t h e  se t -up t ime of 
t h e  f i r s t  g rou t  pumped had passed.  Re- 
c e n t  work by Bader, and Kr izek ,  and Bak- 
e r 7  sugges t s  t h a t  sodium s i l i c a t e  g r o u t s  
may no t  completely s e t  up a s  long  a s  they 
a r e  kep t  i n  motion. They r e p o r t  in-  
c r e a s e s  i n  s e t  t ime,  du r ing  pumping, of 
from 2  t o  7  t imes a s  compared w i th  sam- 
p l e s  no t  kep t  i n  motion. 
Holes 6 ,  8 ,  and 7  were g rou ted  ( i n  t h a t  
o r d e r )  on November 13. On November 14 
t h e  remaining f o u r  h o l e s  were completed 
and owing t o  t h e  exper ience  gained on t h e  
p rev ious  day,  t h e  methods used were much 
more uniform. Once a l l  of t h e  equipment 
and personne l  were i n  p l ace  and ready ,  ,it 
was p o s s i b l e  t o  g rou t  a  150-m (500-f t )  
ho l e  i n  about 30 min. The changeover t o  
t h e  nex t  ho l e  r equ i r ed  about 5 min. 
RESULTS 
On November 19,  s h o r t l y  a f t e r  t h e  h o l e s  
were g rou t ed ,  a  t r i p  was made t o  t h e  Fed- 
e r a l  No. 2  Mine t o  i n s p e c t  ho le  2  where 
i t  had been mined through i n  A p r i l  1980 
( f i g .  8 ,  l o c a t i o n  A). A packer had been 
i n s e r t e d  t o  s e a l  t h e  ho l e  j u s t  be fore  t h e  
g r o u t i n g  ope ra t i on  was begun. When t h e  
va lve  on t h i s  packer was opened, t h e  h o l e  
was found t o  have some p r e s su re  i n  i t  and 
some wet g rou t  was fo r ced  ou t  of t h e  h o l e  
( f i g .  13) .  With t h e  va lve  s h u t ,  pres-  
s u r e s  of 41 kPa (6  1b / i nzg )  b u i l t  up i n  
10 min, but t h e r e  was l i t t l e  f low of gas  
and no wate r  f low from t h e  ho le .  
Hole 1  was t h e  f i r s t  ho l e  t o  be mined 
through ( f i g .  8 ,  l o c a t i o n s  B and C) ,  
7 ~ a d e r ,  T. A,  R. J. Krizek,  and W.  H .  
Baker. I n j e c t i o n  and ~ i s t r i b u t i o n  of 
S i l i c a t e  Grout i n  Sand. Proceedings  of 
t h e  Conference on  routing i n  Geotechni- 
c a l  Engineering.  Am. Soc. C i v i l  Eng., 
New York, 1 9 8 2 ,  pp. 540-563. 
FiGURE 13. - Hole 2 f ive days after being 
grouted, location A (fig. 8), Note wet grout in  
the valve. 
on February 5 ,  1981. Hole 2 was mined 
through ( f i g .  8 ,  l o c a t i o n s  D ,  E ,  and F) 
i n  s e v e r a l  l o c a t i o n s  between February 5 
and 18. 
F igures  14 and 15 a r e  photographs of 
h o l e  1, taken on February 18, 1981, look- 
i n g  r e s p e c t i v e l y  away from and toward t h e  
s h a f t  ( f i g .  8 ,  l o c a t i o n s  B and C ) .  The 
g rou t  appeared t o  be i n  good condi t ion ,  
and no void spaces were noted i n  t h e  
hole .  The condi t ion  of hole  2 i n  t h e  lo-  
c a t i o n s  where i t  was inspected w a s  simi- 
l a r .  A t  l o c a t i o n  G ( f i g .  8 )  grout  was 
a l s o  observed i n  t h e  f r a c t u r e  system of 
t h e  coalbed about 0.6 m (2 f t )  from ho le  
1. Figure 16 is a photograph of t h e  
g rou t  i n  t h e  c l e a t  at t h a t  l oca t ion .  The 
whi te  m a t e r i a l  i n  t h e  c e n t e r  of t h e  photo 
i s  a t h i n  f i l m  of g rou t  t h a t  had been 
pumped through t h e  c l e a t  system of t h e  
coalbed. The f i l m  could be i d e n t i f i e d  a s  
g r o u t  by i t s  color8  and t h e  odor g iven  t o  
t h e  g rou t  by the  s e t t i n g  agent.  Indica- 
t i o n s  of g rou t  i n  t h e  c o a l  c l e a t  were de- 
t e c t e d  as f a r  as 2.4 m ( 8  f t )  from ho le  
1 and a t  a few f e e t  from o t h e r  ho les .  No 
a t tempt  w a s  made t o  determine t h e  maximum 
e x t e n t  of t he  migra t ion  of g rou t  from the  
h o l e s ,  s o  t h i s  d i s t a n c e  is not  necessar-  
i l y  a maximum. 
Holes 7, 8 ,  and 8P were mined through 
between February 18 and 24. They were 
inspec ted  and photographed on March 3,  
1981. (The s h a f t  i t s e l f  w a s  mined i n t o  
on February 25, 1981.) Holes 8 and 8P a r e  
shown toge the r  i n  f i g u r e  17 ( l o c a t i o n  H), 
which was taken looking toward t h e  s h a f t ,  
and s e p a r a t e l y  i n  closeups i n  f i g u r e s  18 
and 19. The ho le s  a r e  approximately 50 
cm (20 i n )  a p a r t  a t  t h a t  point .  They had 
s t a r t e d  o u t  roughly 23 c m  (9  i n  a p a r t ) ,  
and both h o l e s  had voids i n  t h e  g rou t  i n  
t h e  upper p a r t  of t h e  hole  when t h e  pho- 
tographs were taken. However, when t h e  
outby r i b  was observed ( l o c a t i o n  J) t h e r e  
appeared t o  be l i t t l e  o r  no void space  i n  
t h e  g rou t  there .  There was a l s o  a f i l m  
of water  flowing from the  outby s i d e s  of 
t h e  h o l e s ,  bu t  no water  flow from t h e  in-  
by s ides .  Hole 7 was inspected a t  loca- 
t i o n  K ( f i g .  8 ) ,  and t h e  condi t ion  t h e r e  
was found t o  be s i m i l a r  t o  t h a t  of ho le s  
8 and 8P. 
The most important observa t ion  was t h a t  
t h e r e  w a s  no gas flowing from any of 
t h e  h o l e s ,  on e i t h e r  r i b .  These observa- 
t i o n s  i n d i c a t e  t h a t ,  when wet ( i n  unmined 
c o a l ) ,  t h e  grout  maintains  i t s  i n i t i a l  
volume and a c t s  a s  a s e a l  t o  prevent  gas 
flow. The g rou t  does not appear t o  s t o p  
water  flow, but  t h i s  may a c t u a l l y  be an 
8~odium s i l i c a t e  g rou t s  a r e  a milky 
whi te  co lo r ,  b u t  t he  diatomaceous e a r t h  
added t o  t h e  g rou t  made it a beige o r  t a n  
co lo r .  Once exposed t o  a i r ,  t he  g r o u t  
d r i e s  t o  an off-white co lo r  t h a t  makes it 
d i f f i c u l t  t o  d i s t i n g u i s h  it from rock 
dus t .  
FIGURE 14. - Hole 1, view away from the borehole at locat ion B (fig. 8). 
FIGURE 15. - Hole 1, view toward the borehole at location C (fig. 8). 
FIGURE 16. - Grout f i lm  i n  the coal c lea t  near ho le  1. 
advantage s i n c e  t h e  water flow appears t o  
prevent  t h e  grout  from drying out .  As  
t h e  g rou t  d r i e s ,  i t  becomes a chalky,  
low-density m a t e r i a l  which sh r inks  and 
l o s e s  i t s  a b i l i t y  t o  prevent gas from 
flowing. However, t h e  l i k e l y  p l aces  f o r  
dry ing  and shr inking  t o  t ake  p l ace  a r e  i n  
a l r eady  i s o l a t e d  blocks of c o a l ,  which 
peared t h a t  t h e  volume of grout  i n  t h e  
ho le s  inspec ted  on March 3 had decreased. 
On t h e  v i r g i n  (and usua l ly  wet) r i b ,  wa- 
t e r  flow w a s  observed from a l l  of t h e  
ho le s  ( f i g .  8 ,  l o c a t i o n s  B,  D, J, K, and 
L).  No gas flow was observed e i t h e r  from 
holes  on t h e  r i b s  on t h e  i s o l a t e d  p i l l a r s  
o r  from holes  on v i r g i n  r i b s ,  even i n  
p l aces  where gas and water could be seen 
and heard flowing from t h e  r i b  i t s e l f .  
FIGURE 17. - Holes 8  and 8P, location H (fig. 8), holes about 50-crn (20-in) apart. 
FIGURE 18. - Hole 8, same location a s  figure 17. FIGURE 19. - Hole 8P, same location a s  figure 17. 
A f i n a l  i n s p e c t i o n  of t h e  h o l e s  was p o i n t s  u s i n g  mine spad  and s tee l  t a p e  
made on  June  17 ,  1982,  a f t e r  mining had s u r v e y s .  Hole 4  was found a t  o n l y  one 
p r o g r e s s e d  s u f f i c i e n t l y  t o  c u t  th rough  l o c a t i o n .  Hole 5 cou ld  n o t  be l o c a t e d  i n  
t h e  f a r  ends  of most of  t h e  h o l e s .  Dur- e i t h e r  of  two a n t i c i p a t e d  l o c a t i o n s ,  a f -  
i n g  t h i s  i n s p e c t i o n  t r i p ,  e a c h  of h o l e s  t e r  p a s s i n g  th rough  a  73- ( 2 4 0 - f t )  ba r -  
1 ,  6 ,  7 ,  and 8  was l o c a t e d  a t  l e a s t  two r ier  p i l l a r .  The June  1982 i n s p e c t i o n  
confirmed t h e  r e s u l t s  of t h e  1981 inspec- t h e  inspec ted  po r t i ons  of t h e  ho l e s  were 
t i o n s .  Grout i n  t h e  ho l e s  remained so l -  i n  p i l l a r s  i s o l a t e d  by mining from v i r g i n  
i d ,  without  vo ids ,  and no gas  flow was c o a l ,  no seepage of water was observed 
observed from t h e  ho les .  Since most of from t h e  ho les .  
COSTS 
On a u n i t  volume b a s i s ,  t he  c o n t r a c t o r  
c o s t s  f o r  p l ac ing  t h e  g rou t  averaged 
$1,490 per  cubic  meter ($5.65 per  gal-  
lon)  i n  1980 d o l l a r s .  This inc ludes  t he  
c o n t r a c t o r ' s  l a b o r ,  equipment, and c o s t  
of  t h e  m a t e r i a l s  used. Table 3  g i v e s  t he  
m a t e r i a l  c o s t s .  These c o s t s  were f o r  an  
experimental  procedure.  I f  t h i s  type of 
g rou t ing  was done on a  r o u t i n e  b a s i s ,  i t  
i s  p o s s i b l e  t h a t  t h e  u n i t  c o s t  could be 
reduced. 
TABLE 3. - Grout c o s t s 1  
Along wi th  t h e  c o n t r a c t o r  c o s t s  t h e r e  
were a d d i t i o n a l  personnel  c o s t s  f o r  
g rou t ing  p repa ra t i ons  and f o r  t h e  a c t u a l  
g rou t ing  opera t ion .  Because a  c l o s e  ac- 
count ing of t h i s  time was no t  kep t  and 
because some of t h e  a c t u a l  time was spent  
i n  what were e s s e n t i a l l y  r e sea rch  a c t i v i -  
t i e s ,  no at tempt  has been made t o  de t e r -  
mine t h e  a c t u a l  hours.  I n s t ead ,  an  esti- 
mate has  been made of t h e  number of hours 
r equ i r ed  t o  perform a p a r t i c u l a r  opera- 
t i o n ,  under normal cond i t i ons ,  on a 150- 
(500-ft)  hole .  These es t imated  t imes a r e  
a s  fo l l ows ,  i n  hours:  I n s e r t i o n  of plas-  
Ma te r i a l  I Unit I Amount t i c  p ipe  i n  a  ho l e ,  1.5 h r ;  assembly and 
a c t a n t ,  and su r f ac -  g rou t ing  a  ho l e ,  1.0 hr .  These t imes a r e  
t a n t .  .. .4,156.7 ga l . .  1 $1.50 1 $6,235.05 based upon t h e  use of a  two- o r  th ree-  
Sodium s i l i c a t e ,  re- 
Dia tomaceousear th  I I person crew working underground ( an  en- 
c o s t  hookup of a  grout  header ,  1.0 h r ;  f lush-  
i n g  of a  ho l e  with water ,  1.0 h r ;  and 
2,400 lb . .  
T o t a l  m a t e r i a l  c o s t .  
NAp Not app l i cab l e .  ' i n  1980 d o l l a r s .  
Overhead. . . . . . l 5  pc t  . . 
Tota l . .  . . . . . . . . . . 
The m a t e r i a l  c o s t  f o r  t h e  sodium sil- 
i c a t e  g r o u t ,  no t  inc lud ing  overhead 
cha rges ,  was $425 per  cubic  meter ($1.61 
p e r  g a l l o n ) .  This  compares t o  a  c o s t  f o r  
a  cement g rou t  (42 kg o r  94 l b  cement, 
0.019 m3 o r  5 g a l  of water ,  and 0.91 kg 
o r  2  l b  of f l u i d i f i e r )  of $310 per  cubic  
meter ($1.17 per  g a l l o n )  (assuming $5.00 
pe r  sack of cement and $1.98 per kilogram 
of f l u i d i f i e r ) .  
. I75 
NAp 
This  d i r e c t  comparison i s  somewhat mis- 
l ead ing ,  however, s i n c e  t h e  sodium sili- 
c a t e  g rou t  has  a  g r e a t e r  tendency t o  en- 
t e r  t h e  coalbed. It may r equ i r e  two o r  
t h r e e  t imes a s  much sodium s i l i c a t e  a s  
cement g rou t  t o  f i l l  a  hole .  Addit ional  
c o s t s  a r e  a l s o  i ncu r r ed  with t he  use of 
sodium s i l i c a t e  f o r  s p e c i a l  s e r v i c e s  and 
equipment, not  necessary  i n  cement grout-  
i n g ,  t o  mix and pump t h e  grout .  
441.00 g inee r  o r  superv isor  and one o r  two 
6,676.05 l a b o r e r s ) .  
NAp 
NAP Since t h e  work was a l s o  done from the  
bottom of a  s h a f t ,  a d d i t i o n a l  personnel  
had t o  be kept  on s u r f a c e  a t  a l l  t imes. 
These included t h e  hoistman, a  topman f o r  
s a f e t y ,  and a  f i r e b o s s ,  who was occasion- 
a l l y  used underground as an a d d i t i o n a l  
l abo re r  when needed. Therefore ,  every 
hour worked on t h e  ho l e s  r equ i r ed  2 o r  3  
employee-hours of l abor  by underground 
personnel  and 3 employee-hours by s u r f a c e  
personnel.  It is  poss ib l e  t h a t  t h e  s i z e  
of t he  underground crew could be c u t  t o  
two persons f o r  a l l  but t h e  g rou t ing  
ope ra t i on ,  wi th  only a  s l i g h t  l o s s  of e f -  
f i c i e n c y .  The f l u s h i n g  ope ra t i on  was 
performed i n  1  day by an engineer  and the  
f i r e b o s s .  The s u r f a c e  crew a t  t h a t  time 
cons i s t ed  of t h e  hoistman and a  topman. 
However, dur ing  t h e  g rou t ing  ope ra t i on  i t  
i s  recommended t h a t  a  three-person crew 





Table 2  shows t h e  t o t a l  volumes of 
g rou t  pumped i n t o  each  h o l e  and g ives  an 
e s t i m a t e  of t h e  q u a n t i t y  of g rou t  re- 
qu i r ed  t o  f i l l  a  hole .  The t o t a l  quan- 
t i t y  pumped was determined by meters  on 
Hayward Baker 's  pumps. Correc t ions  were 
a l s o  made f o r  g rou t  s t o r e d  i n  t h e  v e r t i -  
c a l  l i n e  o r  g rou t  added from t h e  v e r t i c a l  
l i n e .  This va lue  i s  probably accu ra t e  t o  
k0.04 m3 (10 g a l ) .  The volume requi red  
t o  f i l l  a  h o l e  was es t imated  from t h e  
t ime r equ i r ed  t o  o b t a i n  grout  r e t u r n s  
and a  s teady  pumping r a t e  es t imated  by 
Hayward-Baker. The es t imated  pumping 
r a t e  was 4.3 m3/hr (15.75 ga l lmin) .  
Again c o r r e c t i o n s  were made f o r  g rout  
s t o r e d  o r  l e f t  i n  t h e  l i n e  dur ing  t h e  
per iod  measured. The flow r a t e  measured 
by Hayward Baker i s  probably accu ra t e  t o  
'5 p c t ,  and t h e  t ime measurement i s  accu- 
r a t e  t o  w i t h i n  '0.5 min. 
The measured q u a n t i t i e s  of g rout  
pumped, t o  t h e  t ime of g rou t  r e t u r n ,  ap- 
pear  t o  have been c l o s e  t o  t h e  ho l e  vol- 
umes except  i n  t h e  ca se s  of ho l e s  4,  7 ,  
and 8. I n  a l l  c a se s  t h e  q u a n t i t i t e s  were 
l a r g e r  t h a n  t h e  es t imated  ho le  volumes. 
For each  of h o l e s  4 ,  7,  and 8 ,  t h e  over- 
runs  were around 35 pc t .  It would have 
been reasonable  t o  expect  a  h igher  over- 
run  i n  t h e  g rou t  volume requi red  t o  f i l l  
h o l e  8,  s i n c e  some grout  could have 
flowed t o  h o l e  8P, but  t h e  overrun was no 
h ighe r  f o r  t h a t  ho l e  t han  f o r  4  o r  7. 
This  i n d i c a t e s  t h a t  g rou t  d i d  no t  begin 
t o  mig ra t e  t o  h o l e  8P u n t i l  t h e  p re s su re  
i n  h o l e  8  began t o  r i s e .  A 35-pct over- 
run,  however, i s  no t  p a r t i c u l a r l y  high s o  
i t  appears  t h a t  t h e  volumes of sodium 
s i l i c a t e  grout  r equ i r ed  t o  f i l l  a  h o l e  
can  normally be expected t o  be c l o s e  t o  
t h e  ho l e  volume. This  can probably be 
a t t r i b u t e d  t o  t h e  low p re s su re  a c t u a l l y  
r equ i r ed  t o  pump t h e  g rou t  i n t o  a  hole .  
From t h e  lower p re s su re  curves  i n  f i g -  
u r e  12, i t  can be s een  t h a t  t h e  maximum 
p re s su re s  requi red  were 100 kPa (15 l b /  
i n 2 g ) .  Once t h e  h o l e  p re s su re s  reached 
550 t o  830 kPa (80-120 lb / i nZg) ,  l a r g e  
q u a n t i t i e s  of g rout  began t o  e n t e r  t h e  
coalbed. I n  c o n t r a s t ,  t h e  p re s su re  re-  
qu i red  t o  o b t a i n  r e t u r n s  of cement g rou t s  
i n  a  3 0 0 3  (1,000-f t )  ho l e  a r e  t y p i c a l l y  
600 t o  900 kPa (90-130 1 b / i n z g ) ,  and 
p re s su re s  up t o  3,500 kPa (500 lb / inZg)  
have been used i n  an at tempt  t o  f o r c e  t h e  
excess  water  i n  t h e  cement g r o u t s  i n t o  
t h e  coalbed. Sodium s i l i c a t e  g r o u t s ,  
because of t h e i r  low v i s c o s i t y ,  appear  t o  
r e q u i r e  much lower p re s su re s  i n  o rde r  t o  
f i l l  a  ho l e ,  and once p re s su re s  of 400 
kPa (60 1b / inzg )  a r e  reached,  g rou t  w i l l  
begin t o  e n t e r  t h e  coalbed. 
Volumes of g rout  between 1.85 and 3.4 
t imes t h e  h o l e s  volume were pumped i n t o  
t h e  ho les .  The l a r g e s t  q u a n t i t y  was 
pumped i n t o  h o l e  8  and a  l a r g e  p o r t i o n  of 
t h i s ,  0.36 of t h e  ho l e  volume, went t o  
f i l l  ho l e  8P. As  mentioned e a r l i e r  t h e  
a c t u a l  volumes r equ i r ed  t o  o b t a i n  r e t u r n s  
were never  more t han  1.35 t imes t h e  h o l e  
volumes. In  t h e  case  where only 1.85 
t imes t h e  h o l e  volume was pumped, ho l e  6 ,  
t h e  h o l e  was s t i l l  found t o  be f u l l  upon 
i n t e r c e p t i o n  by mining. To i n s u r e  t h a t  
h o l e s  a r e  f i l l e d ,  i t  appears  t h a t  between 
1.5 and 2.0 h o l e  volumes of g rout  would 
t y p i c a l l y  be s u f f i c i e n t .  The only ques- 
t i o n  remaining i s  whether t h e  grout  i n  
t h e  h o l e  o r  t h e  grout  i n  t h e  c l e a t  s t o p s  
t h e  flow of gas.9 There was some ev i -  
dence f o r  both mechanisms, but  t h e  ev i -  
dence was not  convincing o r  s t r o n g  f o r  
e i t h e r .  Because t h e  h o l e  must be f i l l e d  
i n  any ca se ,  t h e r e  would only be a  c o s t  
sav ing  from reduced m a t e r i a l  c o s t s  i f  ex- 
c e s s  g rou t  volumes over  t h e  h o l e  volume 
were no t  requi red .  
9 ~ l o b o d ,  R. I,. , and E. J. Burcik. 
Method of Sea l ing  Coal Against  Methane 
Emission. U.S. Pat .  3,845,632, Nov. 5 ,  
1974. 
CONCLUSIONS 
From t h e  r e s u l t s  of t h e  plugging and 
mine through of t h e  h o l e s  a t  t h e  mul t i -  
purpose borehole i t  can be seen  t h a t  
sodium s i l i c a t e  g r o u t s  can be very e f -  
f e c t i v e  i n  plugging h o r i z o n t a l  methane 
d r a inage  ho les .  It a l s o  appears  t h a t  so- 
dium s i l i c a t e  can be pumped p a s t  blocked 
o r  p a r t i a l l y  co l l apsed  po r t i ons  of a  ho le  
t o  f i l l  t hose  a r e a s  t h a t  cements may no t  
be a b l e  t o  e n t e r .  However, t h e r e  a r e  a  
number of problems and ques t i ons  remain- 
i n g  i n  t h e  use of t h i s  m a t e r i a l :  
1. The c o s t  of t h e  grou t .  
2. The c o s t  of placement of t h e  grou t .  
3.  The s h o r t  se t -up t imes.  
4. The p r o p r i e t a r y  n a t u r e  of t h e  
m a t e r i a l .  
5. The l ack  of unders tanding of t he  
g r o u t ' s  mode of ac t i on .  
Although t h e  c o s t  e s t i m a t e s  f o r  por t -  
l a n d  cement and sodium s i l i c a t e  g rou t s  
g iven  i n  t h i s  r e p o r t  a r e  nea r ly  equa l ,  i t  
should be remembered t h a t  t h e  por t land  
cement c o s t s  a r e  i n f l a t e d  by t he  use of 
t h e  l a r g e  q u a n t i t i e s  of f l u i d i f i e r s  re-  
q u i r e d  t o  f i l l  a  long h o l e ,  which may no t  
be needed i n  s h o r t  ho les .  Also,  a s  used 
i n  t h e  mult ipurpose borehole ,  2.5 t imes 
t h e  es t imated  ho le  volume of sodium s i l i -  
c a t e  g rou t  was r equ i r ed ,  whi le  probably 
no more than 1.5 t imes t h e  es t imated  ho le  
volume of cement would be requi red .  Fur- 
t h e r  r e sea rch  may show t h a t  l e s s  sodium 
s i l i c a t e  i s  r equ i r ed ,  but a t  p r e sen t  t h e  
p r o b a b i l i t y  of h ighe r  sodium s i l i c a t e  
g rou t  m a t e r i a l  c o s t s  must be a  s e r i o u s  
cons ide ra t i on .  
personne l  t r a i n e d  i n  t h e i r  use .  Most 
mine personnel  a r e  a l s o  a t  l e a s t  f a m i l i a r  
w i t h  po r t l and  cements and t h e i r  proper- 
t i e s .  It then r e q u i r e s  more complicated 
equipment and g r e a t e r  e x p e r t i s e  t o  use 
sodium s i l i c a t e  than cement, a l l  r e s u l t -  
i n g  i n  h igher  cos t s .  
Another major d i f f i c u l t y  with  sodium 
s i l i c a t e s  i s  t h e i r  s h o r t  set-up t imes.  
The g rou t  designed f o r  t h i s  p r o j e c t  had a  
nominal set-up time of 25 t o  30 min i n  
l a b o r a t o r y  t e s t s .  The a c t u a l  set-up time 
i n  t h e  f i e l d  was 55 t o  65 min. 
These s h o r t  set-up t imes make i t  d i f f i -  
c u l t  t o  g rou t  t he  300- t o  600- (1,000- 
t o  2 , 0 0 0 4  t )  long ho l e s  t h a t  a r e  being 
more f r e q u e n t l y  d r i l l e d .  Por t land  ce- 
ments,  on t h e  o the r  hand, can be designed 
wi th  set -up t imes of 4  t o  8 h r  (a l though  
w i t h  t h e i r  h igher  v i s c o s i t i e s  and conse- 
quent ly  slower pumping r a t e s ,  t h e  advan- 
t age  i s  no t  q u i t e  a s  g r e a t  a s  a t  f i r s t  
g lance) .  However, r e cen t  work c i t e d  ear -  
l i e r  i n  t h i s  r e p o r t  i n d i c a t e s  t h a t  sodium 
s i l i c a t e s  may a c t u a l l y  have very long s e t  
t imes whi le  being pumped. I f  t h i s  i s  t h e  
c a s e ,  then  sodium s i l i c a t e s  may a c t u a l l y  
have an advantage over cements i n  t h i s  
r e s p e c t .  
A t  p r e sen t  t h e  only sodium s i l i c a t e  
t h a t  has  been proven e f f e c t i v e  is  the  
g rou t  mix shown i n  t a b l e  1. The s e t t i n g  
agent  i s  a  m a t e r i a l  p r o p r i e t a r y  t o  Hay- 
ward Baker. Although o the r  companies may 
have equa l l y  e f f e c t i v e  g r o u t s ,  on ly  ex- 
periment and t e s t i n g  w i l l  determine which 
g r o u t s  a r e  app l i cab l e .  I n  t h e  meantime a  
l a c k  of compet i t ion o r  l o c a l  a v a i l a b i l i t y  
may make t h e  use  of sodium s i l i c a t e s  more 
expensive.  
The c o s t s  of p l ac ing  t h e  sodium s i l i -  F i n a l l y ,  t h e  lack  of knowledge a s  t o  
c a t e  a r e  a l s o  l i k e l y  t o  be much higher .  t h e  t r u e  mode of a c t i o n  of t h e  grou t  
Sodium s i l i c a t e  must be pumped a s  sepa- makes i t  necessary t o  use l a r g e r  quant i -  
r a t e  components, i n  c a r e f u l l y  measured t i e s  of g rou t  t o  i n s u r e  t h a t  t h e  opera- 
q u a n t i t i e s ,  before  mixing. This r e q u i r e s  t i o n  i s  e f f e c t i v e .  
t h e  use  of s e v e r a l  a c c u r a t e  pumps and 
